The design of a high resolution photoemission electron microscope ͑PEEM͒ for the study of magnetic materials is described. PEEM is based on imaging the photoemitted ͑secondary͒ electrons from a sample irradiated by x rays. This microscope is permanently installed at the Advanced Light Source at a bending magnet that delivers linearly polarized, and left and right circularly polarized radiation in the soft x-ray range. The microscope can utilize several contrast mechanisms to study the surface and subsurface properties of materials. A wide range of contrast mechanisms can be utilized with this instrument to form topographical, elemental, chemical, magnetic circular and linear dichroism, and polarization contrast high resolution images. The electron optical properties of the microscope are described, and some first results are presented.
I. INTRODUCTION
Photoemission electron microscopy ͑PEEM͒ using ultraviolet ͑UV͒ radiation was first developed in the 1930's, 1, 2 and has since developed into a well-established technique. The resolution of modern PEEM instruments approaches 10 nm, within a factor of two of the theoretical limit for uncorrected microscopes of 5 nm. 3, 4 PEEM is similar to low energy electron microscopy ͑LEEM͒, a technique pioneered by the work of Bauer and his group, 5 that has rapidly developed over the last few years for the studies of thin film growth processes. The implementation of LEEM instruments has been instrumental in stimulating new developments for PEEM. The refinement of LEEM by Bauer 5 and the coupling of PEEM with synchrotron radiation by Tonner 6, 7 has resulted in a resurgence of interest in this area over the past few years. This has led to the construction of PEEMs by several groups [6] [7] [8] [9] [10] [11] [12] as well as the introduction of commercial systems. Our motivation in developing the instrument reported here was to construct a system for spectromicroscopic imaging of magnetic surfaces near the theoretical resolution limit for this type of microscope. One key target was to achieve sufficient positional stability so that the theoretical resolution could be approached while acquiring spectroscopic data; as series of images are required, high stability over tens of minutes is needed. A second goal was to provide this high level of performance in a beamline and end station environment dedicated to microscopy; this was necessary to ensure a high level of productivity, and for the instrument to achieve a high level of maturity and sophistication. Finally, this system has enabled us to develop most of the electron optical building blocks for an aberration corrected microscope of even higher resolution.
In PEEM photons incident on a sample cause photoelectron emission if the energy of the photons is larger than the work function of the sample. These photoemitted electrons are extracted into an electron-optical imaging system by a large electric field that is applied between the sample and the first electrode of the electron optical system. This field is the first lens of the microscope. Several electron-optical lenses are used to form a full field image of the emitted electrons onto a detector such as a phosphor that converts electrons into visible light.
Two contrast mechanisms are available in UV-PEEM: topographical contrast and work function contrast. Topographical contrast is due to distortion of the electric field around surface topographical features. The field distribution distortions disturb the electron trajectories which produce image contrast. Work function contrast is manifest in the intensity modulation of the photoemission intensity due to the different emission probability in regions of different work function.
Additional imaging modes are available when x-ray photons are used to stimulate photoelectrons. Elemental contrast is achieved by tuning the incident x-ray wavelength through absorption edges of elements. X-ray absorption and the resulting photoelectron emission intensity is strongly enhanced at absorption edges. Areas on the surface containing the corresponding element emit more photoelectrons and thus appear bright in the PEEM image at a given absorption edge x-ray energy. The fine structure in the energy dependence of the x-ray absorption can be characteristic of the chemical bonding state of surface atoms. Near edge x-ray absorption fine structure ͑NEXAFS͒ spectroscopy 13 can be applied to two-dimension image formation to obtain chemical contrast. Typically, images are acquired at several x-ray energies near a given absorption edge. The differences in these images can be used to detect local bonding characteristics at the surface. Elemental and chemical contrast has been utilized in PEEM studies of high T c superconductors, 14 geological samples, 15 biological samples, 16 semiconductor materials, 17 computer hard disks 18 and sliders, 19 and polymer dewetting phenomena. 20 Linearly and circularly polarized x rays can be used to study the orientation of molecules. In orientation contrast, linearly polarized x rays are strongly absorbed when the electrical vector of the light and the orientation of a bond in the molecule are parallel, and the absorption is weak for a perpendicular orientation. 21 This effect was first applied to x-ray microscopy by Smith and Ade 22 using a scanning x-ray transmission microscope ͑STXM͒ for studying the molecular orientation in Kevlar fibers. This contrast was also used to study molecular orientation of rubbed polymer thin films. 23, 24 Furthermore, x-ray magnetic circular dichroism ͑XMCD͒ can be utilized to study magnetic materials 25 since the absorption of left and right handed circularly polarized radiation varies with the relative orientation of the magnetic moment in the sample. XMCD permits the determination of spin and orbital moments using sum rules, 26, 27 and PEEM has been applied using XMCD contrast to study magnetic structures. [28] [29] [30] Finally, x-ray magnetic linear dichroism can be utilized to study the properties of antiferromagnetic materials. First attempts of antiferromagnetic imaging have been reported by Spanke et al. 31 for NiO͑100͒ films. Submicron magnetic structures and devices find application in the magnetic storage industry. Giant magnetoresistance ͑GMR͒ and colossal magnetoresistance ͑CMR͒ have stimulated growth in this area to such an extent that times between discovery and the production of a product have diminished to merely years. New magnetic device applications are numerous ͑e.g., magnetic random access memory͒. Technological progress here implies a reduction in size and an increase in complexity. Modern microscopy and analysis techniques commonly applied to the study of submicron magnetic structures include Kerr microscopy, 32, 33 near-field magneto-optical imagine, 34, 35 Lorentz microscopy, 36 scanning electron microscopy with polarization analysis, 37 ͑SEMPA͒ spin polarized low energy electron microscopy ͑SPLEEM͒, 38 and magnetic force microscopy ͑MFM͒.
39,40
Only transmission electron microscopy based techniques have a higher spatial resolution than PEEM. However, XMCD-PEEM can be used to simultaneously measure ͑with-out alteration of the material͒ the absolute magnetic moments with elemental and chemical specificity, submonolayer surface sensitivity, and the ability to probe several nanometers of material. This combination of spectroscopy with high resolution surface microscopy makes XMCD-PEEM one of the most powerful tools in the study of magnetic structures.
A new PEEM has been designed that is dedicated to the study of magnetic materials and structures. We refer to this instrument as PEEM2 to indicate that it is our second generation PEEM. This article describes the electron optical properties of the PEEM, its construction and performance, and some initial results.
II. BEAMLINE AND PEEM2 LAYOUT
PEEM2 is installed at the bending magnet beamline 7.3.1 at the Advanced Light Source ͑ALS͒ in Berkeley. Figure 1 shows the optical layout of the beamline and PEEM2. The beamline was specifically designed for XMCD microscopy. The spherical grating monochromator is entrance slitless and delivers monochromatic radiation in the energy range of 175-1300 eV. Since the vertical source size at the center of this bending magnet is less than 30 m and corresponds to the typical field of view of the microscope, the source can be directly imaged onto the sample at unity magnification. The low line density of the grating ͑200 lines/mm͒ leads to a very slow variation of the focal length with the wavelength, therefore the monochromator can work with a fixed imaging distance. 41 As the magnification of the PEEM determines the required field of view and hence illumination, the sample is placed in the monochromatic focal plane, without the use of exit slits as typical for conventional systems. This results in an energy dispersed vertical line. However, over the typical field of view of 30 m the wavelength is essentially fixed. The energy dispersion is 1 eV/mm at 285 eV and 10 eV/mm at 800 eV. Considering the angle of incidence on the sample, this translates to an energy variation over the field of view ͑30 m͒ of 10 meV at 285 eV and 100 meV at 800 eV. The horizontal source size in the ALS is approximately 300 m full width at half maximum ͑FWHM͒, so to illuminate our required 30 m field size and to maximize the flux density, a 10:1 horizontal demagnification is used. The maximum aperture that can be collected from the source is dictated by this required demagnification and the maximum convergence onto the sample. The maxi- mum convergence itself is limited by the critical angle of reflection, i.e., the angle at which the x-ray reflectivity drops to zero. The critical angle of grazing incidence is a function of the photon energy and decreases as the energy increases; taking our maximum photon energy of 1300 eV, for a platinum or gold reflector, the critical angle is approximately 40 mrad. In theory the maximum convergence angle could be as high as the critical angle, but we conservatively take half this value. The 20 mrad convergence and the required demagnification of 10:1 define the source horizontal angular acceptance to be 2 mrad. In order to take such a large horizontal aperture and focus it to a small image, the value of geometrical aberrations must be carefully considered.
The photon flux is very high for a bending magnet beamline because the minimum number of optical components are used, and the field of view and spectral resolution are optimized for XMCD-PEEM. The photon flux is 3 ϫ10 12 photon/s in a 30 m spot when the storage ring is operated at 1.9 GeV with a ring current of 400 mA in a design bandpass of 1 eV at 1000 eV. A mask upstream from the monochromator ͑see Fig. 1͒ is used to select above plane ͑left circularly polarized͒, in plane ͑linearly polarized͒, or below plane ͑right circularly polarized͒ radiation. The resolving power of the beamline is E/⌬Eϭ1800.
The angle between the sample surface and the incident x-ray beam is 30°. The microscope optical axis is oriented at an angle of 90°with respect to the electric field vector of the radiation for linearly polarized light.
The objective lens of PEEM2 is an electrostatic tetrode lens with a stigmator/deflector assembly located in its back focal plane. A transfer lens produces a 1:1 image and a second objective back focal plane outside the lens where an aperture is located. Four different apertures are mounted on a small flexure stage and can be easily exchanged in vacuum ͑2 mm, 50 m, 20 m, and 12 m diameter͒. The intermediate lens ͑with another deflector͒ and projector lens form the final image on a phosphor screen deposited on a fiber optic plate. This fiber optic plate scintillator serves also as the vacuum interface, and is directly coupled through a second fiber optic taper to a slow scan cooled CCD camera. This detector arrangement is about five times more efficient than a lens coupling of the camera.
The typical distance between the objective lens and the sample is 2 mm, and the maximum operating voltage is 30 kV. In practice most samples show the onset of considerable field emission at extraction voltages of 20-25 kV. This emission deteriorates the stability of the image and limits operation to lower voltages. The sample is held at high negative potential. The center electrodes of the lenses are biased to focus the electrons. All other electrodes and the detector are held at ground potential. The CCD camera can operate in two different modes with a maximum image acquisition rate of 4 images/s. This rate is sufficient for focusing and adjustment of the microscope. The camera accommodates variable exposure times, with typical image acquisition times of a few to tens of seconds.
III. PEEM2 ELECTRON OPTICAL PROPERTIES
The electron optical components of PEEM2 are similar to Rempfer and co-workers 3 and Watts and co-workers 8 designs consisting of an asymmetric objective lens 42 and symmetric, unipotential, transfer, intermediate, and projector lenses. 43 The lens properties were calculated using custom developed internal electron optical codes and SIMION 6.0. 44 SIMION is a 3D ray tracing program solving the Laplace equation for a given electrostatic or magnetic electrode arrangement by finite differences ͑over-relaxation͒ and traces the trajectories of electrons or ions with defined starting conditions through the electron optical system. Figure 2 shows the Gaussian focal properties of the objective lens as a function of the voltage ratio between the lens (V l ) and the sample (V s ). F o , F i and f o , f i are the object side and image side focal points and focal lengths, respectively. F o and F i are measured from the sample position which we define as z ϭ0. The properties of the objective lens were calculated in the absence of the accelerating field. Since image formation in PEEM has been described in detail elsewhere, 4, 8 we mention it only briefly here. The accelerating field forms a virtual image of the object with unity magnification at a distance of 2l (zϭϪl) from the objective lens where l is the distance between the sample and the first electrode of the objective lens. The chromatic aberrations of this accelerating field will be shown to limit the resolution of the microscope. The first electrode of the objective lens acts as an aperture lens for which the virtual image formed by the accelerating field is a virtual specimen. It is a weak ͑diverging͒ lens with the focal length of Ϫ4l 4,8 and forms another virtual image. The magnification is 2/3 and the image is located at Ϫ1/3l, i.e., behind the true specimen position. This is the object for the objective lens. The objective lens is operated at V/V s ϭ0.775 and forms an image at zϭ150 mm, this is the object for the transfer lens. form an additional back focal plane where an angle limiting aperture is located, since a stigmator/deflector assembly is located in the ͑true͒ back focal plane of the objective lens. The transfer lens must be operated at a voltage so that the image of the back focal plane is outside the lens. From the lens dimensions and the lens properties ͑Fig. 3͒ we selected a distance of 32.5 mm from the lens center for the aperture location (V/V s ϭ0.66). The transfer lens is located at z ϭ215 mm, the image formed by the objective lens at z ϭ150 mm is the object for the transfer lens that forms a unity magnification image at zϭ280 mm. This image can be further magnified by either the intermediate lens ͑located at zϭ290 mm͒ for lower magnification, or both the intermediate and projector lens ͑located at zϭ425 mm͒ for higher magnification. This final image is at zϭ575 mm.
The resolution of our x-ray excited PEEM is limited by the chromatic and spherical aberrations of the accelerating field and the lenses, and by diffraction at the aperture. It has been shown 4, 8 for small apertures that diffraction limits the resolution. For larger apertures and UV produced threshold secondary electrons, the aberrations of the accelerating field and the lenses are comparable. For x-ray emitted electrons, the chromatic aberration of the accelerating field limits the resolution. The total spherical (C s ) and chromatic (C c ) aberration coefficients ͑referred to the object space͒ of a system consisting of n electron optical elements are calculated by 45 
C s ϭ͑C
where (C s ) n and (C c ) n are the spherical and chromatic aberration coefficients of the nth element and m n is the magnification of the nth element. For PEEM2, nϭ1 is attributed to the accelerating field, nϭ2 to the aperture lens/objective lens system ͑this can be treated as one unit since the aperture lens hardly contributes to the aberrations 8 ͒, nϭ3 is the transfer lens, etc. The first two terms in Eqs. ͑1͒ and ͑2͒ are large since m 1 ϭ1, but all other terms are small because m 2 ϭm ap m ob Ϸ10 with the magnification of the aperture lens m ap ϭ2/3 and the magnification of the objective lens m ob Ϸ15.
The aberrations of the accelerating field can be estimated from an analytical calculation assuming a homogeneous field between sample and the first electrode of the objective lens ͑i.e., assuming that the aperture in the first electrode of the objective lens does not distort the electrical field significantly͒. The chromatic aberrations originate from the energy spread of the emitted electrons whereas the spherical aberrations are caused by the angular spread. If x rays are used for the illumination of the sample the energy distribution of the secondary electrons n e (E) can be approximated by n e ϳE/(EϩW f ) 4 ͑Ref. 46͒ while the number of the emitted secondary electrons is proportional to the cosine of the angle with respect to the surface normal. 47 E is the emission energy of the electron and W f is the work function of the sample material. The transverse displacement of an object point ⌬r acc caused by chromatic and spherical aberrations of the accelerating field is given by Refs. 4 and 8.
where E p is the peak of the emission energy distribution ͓typically E p ϭ1/3W f ͑Ref. 45͔͒, and ␣ e is the electron takeoff angle. The other relevant aberrations are those of the objective lens. Figure 4 shows the object space aberration coefficients C s and C c and the magnification of the objective lens as a function of V l /V s , and Fig. 5 shows the object space coefficients C s and C c of the transfer/intermediate/ projector lens as a function V l /V s for infinite magnification. They were calculated applying the method of perturbed characteristic functions. 45, 48 For the objective lens operated at a magnification of about 15, the aberration coefficients are C s ϭ60 mm and C c ϭ25 mm. They contribute to the total transverse displacement of an object point ⌬r ob as 4, 8 The theoretical resolution limit of PEEM2 was calculated by taking the complete angular and energy distribution of the photoexcited secondary electrons into account. Only those electrons which are emitted at an angle ␣ e and an energy E that obey the condition ͓Eq. ͑5͔͒ are transmitted through the microscope:
Here d is the aperture diameter, f i trans the image side focal length of the transfer lens, m obj and m acc the magnification of the objective lens (m obj Ϸ15), and of the accelerating field (m acc ϭ2/3). Our condition Eq. ͑5͒ is slightly different from that derived by Watts et al. 8 since our aperture is located behind the transfer lens and not the objective lens. Figure 6 shows the energy distribution of the transmitted electrons for various aperture diameters, for a sample voltage of 20 kV and W f ϭ4 eV. While the energy distribution is narrowed by the aperture, it is still much wider than the energy distribution produced by threshold UV which can have an energy spread as low as 0.1 eV using monochromatization of the light. This is the reason for the higher spatial resolution of PEEMs operated using UV radiation ͓theoretically 5 nm, obtained so far about 10 nm ͑Ref. 4͔͒ in comparison to PEEMs operated using x rays. The theoretical resolution limit considering all relevant aberrations is shown in Fig. 7 for different operation voltages of the microscope, and the transmission is shown in Fig. 8 , both again for W f ϭ4 eV. The highest resolution of 10 nm can be obtained using an aperture of 5 m diameter and a sample voltage of 30 kV. The transmission for such a small aperture is around 1%. All these values depend on the work function of the sample material. Figure 9 shows the individual contributions of the diffraction at the aperture, the accelerating field, and the chromatic and spherical aberrations of all lenses. It demonstrates that the resolution of a PEEM using x rays is dominated by the aberrations of the accelerating field.
IV. CONSTRUCTION OF THE PEEM2 END STATION
PEEM2 is installed at an angle of 55°with respect to the horizontal, and parallel to the beamline. This angle derives from the incidence angle of the x rays to the sample surface of 30°and the angle of the beamline with the respect to the horizontal of 5°. We have chosen this orientation of the microscope ͑in contrast to a horizontal arrangement͒ to be able to image samples with maximum linear in-plane polarization contrast. Figure 10 easy exchange of individual elements. The V block is mounted on a common massive flange with the sample manipulator for maximum stability, and is decoupled for vibration isolation from the rest of the vacuum vessel by welded bellows.
The lens electrodes are made from silicon aluminum bronze material that is easy to machine and to polish. Only the first electrode of the objective lens is made from titanium that does not have the tendency to grow whiskers during high voltage breakdown. This electrode has the highest probability to be exposed to electric breakdowns that occur occasionally between the lens and the sample. All electrodes were polished to a mirror finish, the alumina ceramic insulators were prebaked in vacuum, and the lenses were conditioned for high voltage breakdown stability by applying increasingly high voltages over a period of several days. The computer-controlled lens power supplies are current limited ͑0.1 mA͒ to avoid lens damage caused by breakdowns, they have a low ripple of 10 Ϫ5 for stable microscope operation. It was calculated that a ripple of 3ϫ10 Ϫ4 causes image instabilities comparable to the theoretical resolution limit of the microscope. The microscope is mounted on a vibration isolated platform and is decoupled from vibrations of the beamline by a welded bellows. The high mechanical stability of the system allows acquiring local NEXAFS spectra averaged over areas as small as 100 nm with high energy resolution and reasonable signal-to-noise ratio. The resolution for local NEXAFS spectra is lower than the resolution for imaging because the acquisition of one image takes typically tens of seconds while the acquisition of a spectrum requires imaging at every energy step leading to typical spectra acquisition times of 10-20 min.
PEEM2 is equipped with a motorized, fast sample transfer system. The load lock chamber has a three sample parking stage. The sample preparation chamber includes a sputter gun, a LEED system, several evaporators, a quartz crystal film thickness monitor, a magnet ͑1000 Oe͒, and a movable sample stage that contains a heater and a shutter for multilayer and wedge structure growth. The microscope sample stage is retractable and the x-ray beam can be transmitted through the microscope vacuum vessel into a chamber downstream PEEM2 that contains a setup for XMCD spectroscopy ͑without spatial resolution͒ in alternating magnetic fields up to 750 Oe. This chamber is used for reference NEX-AFS and XMCD measurements.
V. EXPERIMENTAL RESOLUTION TEST AND FIRST RESULTS
PEEM2 has been fully operational since summer 1998. Most of the experiments have been dedicated to the study of magnetic materials. 49, 50 Here we demonstrate the spatial resolution of PEEM2 and show selected results on the study of magnetic nanostructures. The theoretical resolution limit can only be approached with a sample that fulfills conditions which were assumed for the calculation of the resolution. Many ''real world'' samples do not fulfill these conditions, and the resolution achieved with a PEEM will always vary with the sample properties. The ideal sample is highly conductive, very smooth, and has two different elements present at the surface with a very sharp interface and a very large difference in secondary yield ͑at least at some wavelength͒. Samples that are used for the testing of scanning electron microscopes prepared by nanofabrication techniques are not well suited to test the PEEM resolution because they typically have a certain surface topography that deteriorates the resolution of a PEEM. The best samples we have found to date are highly polished grainy materials, and ͑as a positive side effect of the undesired electrical breakdowns between objective lens and sample͒ tracks of surface discharges on insulating materials. Figure 11 shows a low resolution and a high resolution image of such a discharge track on a LaFeO 3 sample acquired at the La M 5 edge. The operation voltage was 23 kV, the 12 m aperture was used, the exposure time was 60 s, and the estimated resolution is 20 nm. This is very close to the theoretical limit of the microscope for this aperture size and operating voltage ͑Fig. 7͒.
Magnetic imaging presents a greater challenge because the contrast based on the XMCD effect is typically only on the order of 5%-30% whereas it can be up to factors of 5-10 for elemental contrast. As an example we show XMCD images acquired of Fe wires fabricated 51, 52 by first UHV e-beam evaporation and then patterning by optical contact lithography and ion milling. The wires consisted of highly epitaxial ͑110͒ oriented bcc-Fe grown on sapphire substrate with 100 nm molybdenum spacer layer to prevent charging. The Fe wires display a large in-plane uniaxial magnetocrystalline anisotropy with the easy axis parallel to the ͓100͔ direction, and perpendicular to the wire length. The Fe wires studied with PEEM2 had variable widths between 2 and 40 m, spacings of 10-20 m, about 3 mm length and thickness of 100 nm. 53 They were capped with either 1 or 6 nm of aluminum to prevent oxidation of the Fe. Local NEXAFS spectra obtained using PEEM2 showed that the 6 nm cap layer of Al prevented the oxidation of the Fe while the 1 nm cap layer did not completely protect the Fe which was slightly oxidized in this case. Figure 12͑a͒ shows an image acquired below the Fe L 2 and L 3 absorption edges at 710 eV. The Fe stripes are visible as dark broad stripes on the top and the bottom because below the Fe absorption edge the secondary electron yield from the Fe is low. Magnetic PEEM images were obtained by taking a difference between the images acquired at the Fe L 3 and Fe L 2 absorption edges. The operating voltage was 20 kV, the 12 m aperture was used, and the exposure time was 4 s at the L 3 edge and 8 s at the L 2 edge. Circularly polarized radiation was used with the photon beam direction perpendicular to the wire length. The arrows point to the same defect on the sample that was used to ensure that the same area on the sample was imaged. Magnetic PEEM images clearly show that the Fe͑110͒ wires brake into stripe-like magnetic patterns with two alternating types of magnetic domains with domain magnetization direction being parallel or antiparallel to the ͓110͔ direction, as expected due to strong magnetocrystaline anisotropy. 51, 52 For Fe wires with larger widths ͑10 m and more͒ larger, metastable magnetic domains were observed, stabilized by spike domains at the wire edges as seen in the images in Figs. 12͑b͒ and 12͑c͒. We observed instantaneous change in the magnetic structures of such metastable domains with increased sample temperature. Figure 12͑b͒ was acquired at room temperature, Fig. 12͑c͒ at a temperature of 200°C, both taken of the same sample area. It can be seen that the domain structure is significantly modified by the heating process. Experiments like this take advantage of PEEM being a full-field image technique that permits the real-time monitoring of magnetic domain structures.
Despite the low contrast in XMCD imaging the highest resolution we have achieved so far for magnetic imaging is better than 30 nm. This result was obtained on stripe domains in microfabricated Co wires.
This resolution for imaging using x rays is comparable to the best other instruments in the world and close to the theoretical limit for x-ray operation. A resolution of 22 nm was obtained by Schmidt and co-workers using a PEEM with an energy filter, 54 and 20 nm resolution was obtained using a PEEM without energy filter but with nonmonochromatized radiation. 55 PEEMs without energy filter and using monochromatized radiation typically have lower spatial resolution ͓75 nm, 8 130 nm ͑Ref. 56͔͒. The resolution one obtains with a given PEEM depends on the sample, and good sample preparation and selection is crucial. Important for x-ray operated PEEMs is also the brightness of the x-ray source. PEEMs with very good electron optics that can be tested with UV light achieve only moderate resolution on second generation light sources because of the low signal-to-noise ratio. Better resolution can only be obtained by correcting for the aberrations of the microscope. The most promising approach to an aberration corrected PEEM seems to be the application of an electrostatic mirror that requires the incorporation of a deflecting magnet into the PEEM design. [57] [58] [59] [60] [61] [62] Aberration corrected PEEMs with energy filtering ͑small aperture or energy filter͒ might achieve a spatial resolution in the few nanometer range. 62 Operated with large apertures and no energy filter they will have a transmission close to 100% and at the same time a rather high resolution of about 30 nm. The high transmission will not only reduce the exposure time and thus help to improve the signal-to-noise ratio and the resolution, it will also drastically reduce the sample radiation damage in comparison to noncorrected PEEMs, and the study of radiation sensitive samples such as polymers will greatly benefit from this increased transmission. Aberration corrected PEEMs will enable spectromicroscopy in whole new dimensions by combining true nanoscale imaging capability with the full spectroscopic power of NEXAFS.
